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(a) Translations Notion © 

(b) Rotational Notion 

APPLICATION 


er ee + er en re ee ernmneee -.  e 


o2a 
1, SO@URT 


*-Ts previous calculations, the moment of inertia of a ‘licutd in a 
circular cylindrical tank was treated ae a massepoint or solid cylinde 
Tical bedy. Since, however, the soment of inertia of the fluid ie 
considerably different from those, the following investiraticn was 
carried cut. 

The solutions of the ¢luid dynamics equaticns vere derived for en 
ideal fluid (Lneoupress:.ole ‘and nonviscous) in @ completely filled 
circular cylindrical tank, The moment of inertia of ‘De iceal fluid 
was compared with the aorent cf inertia of the same flo.d is s frosen 
state. Due to tne complexity of the case with friction, io iamping 
could be incorporated. But, it car be eveen that the values of the 
mompat of inertia ratio aout vith damping ere located tetwer tha 
ratio of the ideal fluid case ana unity. 

The ropent of inertia of a liquid in « partially filled tank isa 
atronely frequency-‘evendsnt. , It fe sbtained for translational and 
rotational notion of the tank from the results of Reference 1. 


Ssaping was introdiced as in Reference 2. 
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To obtain a 2crm sorvect value for tha control ees in which 
the mament.of inertia.of the “issile sporars as L *, che following 
inveetifntion was carried out. 

Sinse tho Fiutia in the tanks waa considered os a ~as3 point in its 
center of ravity in tne undisturbed oosition ‘ot tha. fluid, which ob- 
wioualy ta a very rou'h averoxination, a@ tetter isoronen vas sade by 
ao37ing the hydrodymeic equations. The moment of inert2a can then te 
saleulated with t..@ tim@eren of Steiner for any pivot noints uf the moments 
of inertia for 2 parellel snd rotational motion areund ¢=e center of 
grevity of the unt’eturted fluid ore knew, in order to tind tess 
values @ tew rdditional dredynenic croplans rad to bé so.ted for & com 
pletely anc losed fluid mase in the evlindrics) tark, (fc) tank). The 
: f valuee for a partially Milied tanx can co trken free refemence 1, ihe 

daxping affect ves ccasidared in the sane way as {* was “teen in Safe 
erence 2. 

‘we consider 3 cylindrical tance filled (co oletel of rart’slly:; 
with Muid. The motion of sha fluid in ‘na tanc cruses i -oment around 
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“he sarant of inertia I can oe obtained. or any pivot soint of a tank 
motion we are apdle to calculste with ‘he tacren cf S*etrer the monent 
of inertia I, uf ve crow tie neaments of ‘nertie 2f ‘ortzcrrtal end rotac 
sional motions. (Tia. </ 
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TV. COMPLETELY IT’ LED SYLINDROCAL TAN e 
We consider }are a comrletely filled cylindrical tank =, in whick 
we do rot have a free fluid survace,. 
(a) Trenalott:e Heiden ‘Te. 1 
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eee that tho moment sor + Sult ‘s.« for transiative notion is zaro. 
“Gor 99 (3) ; 
The normel f.uhs voicetties at te cane ccunmariss are the 
same 38 fe boundary velcetiica noms to itself, Jor inviscid fluid 
we have to solve (San Ref, 1: 
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In 4 comatetaly filled cylinder the moment of inertia for a rigid 
body was eroprad 4 the correction moment of inercia due to the fact 
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The moment of ‘nertia of a Ugquid in @ circular cylindrical tank 
can be considerebly aifferent from tne moment of inertia of ‘he seme 
uid in e "frosen state®, 

The fluid dynamics equations wesw solved for an iscompresaihie and 
nonviscous liquid in a completely (iiled tank. The moment of inertia 
ratio of the ideal fluid and the same (laid in 8 "frosen etate® was 
graphed versus. tbe flu! het.ht ratio +/a. It te seen tnat for wry 
mall and very Sigb fluid heivhts tie eslue arprcaches 1. The ainiaum 
value ia aprroxumtely at h/a ¢ 1.72. Por a tank vith s equare base, 

‘he airinus velue wuld be at sje ~ 2.C, t.e. the maxis amount of 
fluid (sphere in *‘e center) ‘s not affected hy the rotation around the 
center of gravity. ine cireular cylindrical tank, che miniaum velus 
of the moment of iner’ia ratio is at a heirht ratio sormmvnat emller 
than 2.0 because of the cireslar fore. ‘See Fiz. J ms h) 

The woment of ‘inertia for a rarcially filled ‘ank perfcrwing trense 
laticnal sotions was ottained ‘Ycs 7elference i, and we grapned for 
4ifferent damping -elues q ‘Reference <) versus Cluid heignr retio h/s 
(Fig. 5-4). 3t can be sern that consiterable -!ifferences occur 
compared with the wment of inert'a of ‘he same fluid in a “froten state*. 
The forced frequency olays an i-wortant role mich can be aren frum ‘he 
retha. 

ia Fige 9, 28 TRtio 3f “ne scment of irercia cf 'he Slauid and the 
sompnt cf isertia cf tte Cluis :.a a “frover. state" ts srapned verens che 
tluid bedint ratio b/a for iifferent ‘amping values and 4ifferent forced 
frequencies for a -ar*ially filied cark., for wry low forced freruencies, 
it can be seen *hat the rcement of inertia ratio ia decreasing very repidly 


’rom unity at the ¢lsid neignt retio sere °o small ives for omals “lala 


heivot ratica. .¢ a rliid het,%% arcut. equal to tne clameter, the ratio 
t@ yradually increasing to 1, ard the damring effect is of leas i-pcrtance 
because of *.e wreater fluid mass that takes part in the oscillation. fer 
inereasing {creed frequencies, the curves spread ovt farther. “Near Ta0- 
nance, for fluid heichts less than the diameter, the valun of the -oment 
of inertia rati> cnanges consideratly for different damrinc values. These 
theoretical values, if Pras 1 te smaller since the Cluid surface 
breacs up. For hicher ferced frequencies, the moment of inertia ratio 
will <2 .reater than ror small Pluid heivhts since we ricrles on the 
laid surface ure of the to, nitude of the fluid heirht, wrile fcr inereas~ 
img fluid hei, At, the ratio is smaller than 1 and ‘nereaiscs wry slowly 

to the value i. This is due te the fact that the small [lu4 surface 


seflection acde cniv a very small amount to the ~oment of inertia. 
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